We perform global fits to the moments of semileptonic B decay distributions and extract |V cb |, the heavy quark masses, and the non-perturbative parameters of the heavy quark expansion. We include NNLO perturbative corrections and recent determinations of the charm mass, and discuss how they improve the precision of the global fit. In particular, using the m c determination of Ref.
Introduction
The CKM matrix elements V cb and V ub are important ingredients in the analyses of CP violation in the Standard Model and in the search for new physics in flavor violating processes. For instance, the absolute value of their ratio gives one of the sides of the unitarity triangle, and the ε K constraint onρ andη is very sensitive to the precise value of |V cb |, see [1] for recent analyses. The determination of V cb and V ub from inclusive semileptonic B decays is based on an Operator Product Expansion (OPE) that allows us to express the widths and the first moments of the kinematic distributions of B → X u,c ν as double expansions in α s and Λ QCD /m b . The leading terms in these double expansions are given by the free b quark decay, and the first corrections are O(α s ) and O(Λ , etc. The latter can be constrained by various moments of the lepton energy and hadron mass distributions of B → X c ν that have been measured with good accuracy at the B-factories, as well as at CLEO, DELPHI, CDF. The total semileptonic width can then be employed to extract |V cb |. The situation is less favorable in the case of |V ub |, where the total rate is much more difficult to access experimentally, but the results of the semileptonic fits are crucial in that case as well, see [3] for a review. This strategy has been rather successful and has allowed for a ∼ 2% determination of V cb and for a ∼ 5% determination of V ub from inclusive decays [4] .
Complementary studies of exclusive decays and non-perturbative calculations of the relevant form-factors have also progressed considerably, reaching a similar level of accuracy. Unfortunately, a ∼ 2σ discrepancy persists between the most precise determinations of |V cb |: the inclusive one and the one based on B → D * ν at zero recoil and a lattice calculation of the form-factor [4, 5] . However, the zero-recoil form-factor estimate based on heavy quark sum rules leads to |V cb | in good agreement with the inclusive result [6] . A stronger discrepancy between the inclusive and exclusive determinations occurs in the case of |V ub | [4] .
The importance of a precise and reliable extraction of |V cb | and of the inputs for the inclusive |V ub | analysis has motivated us to critically re-examine the procedure used in the semileptonic fits almost a decade after the first comprehensive studies [7] [8] [9] . There are three relevant issues in this respect: i) the theoretical uncertainties and how they are implemented in the fit, ii) the inclusion of additional constraints on the parameters, iii) the need to update the theoretical predictions to NNLO. For what concerns the theoretical uncertainties, we have already observed [10] a marked dependence of the results on the ansatz for the correlations among theoretical uncertainties at different values of the cut on the lepton energy. In this paper we discuss different options and compare the results of the fits performed accordingly.
Regarding the inclusion of additional constraints from other processes, we recall that the semileptonic moments are sensitive to a linear combination of m c and m b , but cannot resolve the individual masses with good accuracy. To improve the accuracy of the fit, the moments of the photon energy in B → X s γ have generally been employed, but in the last few years quite precise determinations of the heavy quark masses by completely different methods (e + e − 1 sum rules, lattice QCD etc.) have become available, see e.g. [11] [12] [13] [14] [15] . Radiative moments remain very interesting, but they are not competitive with the charm mass determinations and are in principle subject to additional O(Λ QCD /m b ) effects, which have not yet been estimated [16] . Here we will discuss the inclusion of the most recent heavy quark mass determinations in the semileptonic fit. As we will see, these precise external inputs reduce the dependence on the assumptions regarding the theoretical correlations. Recent progress has made it necessary to update the theoretical predictions used in the fits. The NNLO O(α 2 s ) calculation has been completed [17] [18] [19] and implemented [20] in a code that has been used in preliminary analyses by the Heavy Flavor Averaging Group [4] . This code extends and improves on the kinetic scheme calculation of Ref. [21] , used in [7, 9] , and forms the basis of the present work. The NNLO accuracy is a necessary prerequisite for using the precise heavy quark mass constraints we have just mentioned. Concerning the perturbative corrections to the Wilson coefficients of power-suppressed operators, the O(α s µ [24] . The main problem here is a proliferation of non-perturbative parameters that cannot all be fitted from experiment. In Ref. [24] they were estimated in the ground state saturation approximation, leading to a final O(1/m 4,5 Q ) effect on |V cb | of +0.4%. This may well be the order of magnitude of higher order power corrections, but further investigations are necessary, also because sizable effects beyond the ground state saturation approximation have been found [6] . Here, we include only effects up to O(1/m 3 b ) [25] . The paper is organized in the following way. We first discuss the relevant observables and list all the moment measurements included in our fits. Then, in Section 3, we explain our estimate of theoretical errors and discuss several options for their correlations. In Section 4 we consider the inclusion of independent constraints on m c and m b in the fits and study their impact on the results; then, in Section 5, we consider a few relevant applications of the fits. Finally, Section 6 contains a summary of our results.
Observables included in the fits
The first few moments of the charged lepton energy spectrum in inclusive b → c ν decays are experimentally measured with high precision -better than 0.2% in the case of the first moment. At the B-factories a lower cut on the lepton energy, E ≥ E cut , is applied to suppress the background. Experiments measure the moments at different values of E cut , which provides additional information as the cut dependence is also a function of the OPE parameters. The relevant quantities are therefore Table 1 : Experimental data used in the fits unless otherwise specified.
which are measured for n up to 4, as well as the ratio R * between the rate with and without a cut
This quantity is needed to relate the actual measurement of the rate with a cut to the total rate, from which one conventionally extracts |V cb |. Since the physical information that can be extracted from the first three linear moments is highly correlated, it is more convenient to study the central moments, namely the variance and asymmetry of the lepton energy distribution. In the following we will consider only R * and where all the coefficients M , which are either unknown or we do not include for the reasons explained in the Introduction. We work in the kinetic scheme [34] and follow the implementation described in [20, 21] . In particular, in the hadronic moments we do not expand in powers ofΛ = M B − m b . While we always express the bottom mass and the four relevant expectation values that appear in Eq. (5) in the kinetic scheme setting the cutoff µ kin at 1 GeV, we will use both the kinetic and the MS scheme for the charm mass, and denote it with m kin c (µ kin ) and m c (μ), respectively. Unless otherwise specified we evaluate α s at µ 0 = 4.6 GeV and assume α s (µ 0 ) = 0.22. A change of ±0.005 around this value leads to small changes in the results of our fits (about 1MeV in m b ), always much smaller than their final uncertainty.
The experimental data for the moments are fitted to the theoretical expressions in order to gain information on the non-perturbative parameters and the heavy quark masses, which we then employ to extract |V cb |. Table 1 shows the 43 measurements of the moments which we always include in the fits, unless otherwise specified. The chromomagnetic expectation value µ 2 G is also constrained by the hyperfine splitting
Unfortunately, little is known of the power corrections to the above relation and only a loose bound can be set, see [6] for a recent discussion. For what concerns ρ 3 LS , it is somewhat constrained by the heavy quark sum rules. Following [6, 21, 35] , we will therefore use in our fits the constraints
It should be stressed that ρ 3 LS plays a minor role in the fits because its coefficients are generally suppressed with respect to the other parameters.
We now perform a first global fit, without any theoretical uncertainty. The fit is not good, with χ 2 /dof ∼ 2, corresponding to a very small p-value and driven by a strong tension (∼ 3.5σ) between the constraints in Eq. 6 and the measured moments. If we drop the constraints of Eq. 6 the fit is not too bad. It is then clear from the outset that theoretical uncertainties are not so much necessary for the OPE expressions to fit the moments -that would merely test Eq.(5) as a parameterization; they are instead needed to preserve the definition of the parameters as B expectation values of certain local operators, which in turn can be employed in the semileptonic widths and in other applications of the Heavy Quark Expansion.
Theoretical errors and their correlations
The OPE description of semileptonic moments is subject to two sources of theoretical uncertainty: missing higher order terms in Eq. (5) and terms that violate quark-hadron duality, namely terms that are intrinsically beyond the OPE. We will attempt an estimate only of the first kind of uncertainty. The violation of local quark-hadron duality is expected to be suppressed in semileptonic B decays; it would manifest itself as an inconsistency of the fit, which as we will see is certainly not present at the current level of theoretical and experimental accuracy.
To estimate the effects due to higher order corrections we follow the method outlined in [21] and update it with the suggestions given in [20] : we assume that perturbative corrections can affect the Wilson coefficients of µ b ) (using ground state saturation as in [24] ) have been found to be within the range of expectations based on the method in the original formulation of [21] .
The correlation between theoretical errors assigned to different observables are much harder to estimate, but they play an important role in the semileptonic fits, as it will become clear in a moment. Let us first consider moments computed at a fixed value of E cut : as long as one deals with central higher moments, there is no argument of principle supporting a correlation between two different moments, for instance 1 and h 2 . We also do not observe any clear pattern in the known corrections, and therefore regard the theoretical predictions for different central moments as completely uncorrelated. When one computes the theory uncertainty with the method described above, one might think there are obvious correlations: suppose that both 1 and h 2 receive positive contributions from µ 2 π ; by varying µ 2 π by ±20% we see a positive correlation between 1 and h 2 . But our aim was simply to have a rough estimate of the size of the theory uncertainty, and we make no claim to know the exact magnitude and sign of the higher-order correction! Therefore, the observed correlation is meaningless and the safest assumption is to regard the theoretical predictions for different moments as uncorrelated.
Let us now consider the calculation of a certain moment M i for two close values of E cut , say 1 GeV and 1.1 GeV. Clearly, the OPE expansion for M i (1 GeV) will be very similar to the one for M i (1.1 GeV), and we confidently expect this to be true at any order in α s and 1/m b . The theoretical uncertainties we assign to M i (1 GeV) and M i (1.1 GeV) will therefore be very close to each other and very highly correlated. The degree of correlation between the theory uncertainty of M i (E 1 ) and M i (E 2 ) can intuitively be expected to decrease as |E 1 −E 2 | grows. Moreover, we know that higher power corrections are going to modify significantly the spectrum only close to the endpoint. Indeed, one observes that the O(1/m 4,5 b ) contributions are equal for all cuts below about 1.2 GeV (see Fig.2 of [24] ) and the same happens for [22] . Therefore, the dominant sources of current theoretical uncertainty suggest very high correlations among the theoretical predictions of the moments for cuts below roughly 1.2 GeV.
In Refs. [7, 9] , it has been assumed that the theoretical errors of moments at different values of E cut are 100% correlated. This is too strong an assumption, which ends up distorting the fit, because the dependence of M i on E cut , itself a function of the fit parameters, is then free of theoretical uncertainty. As a result, the uncertainty on the OPE parameters is underestimated. On the other hand, as we have just discussed, a high degree of correlation is to be expected if E cut is not too large. Ref. [8] , which also presents a fit without theoretical errors, sets the theoretical correlation matrix equal to the experimental one. This probably underestimates correlations, and would also imply no correlation between the theoretical prediction of the same observable measured by two independent experiments, which is unreasonable. Recent HFAG fits with the method of Ref. [8] do not present this problem.
An alternative approach consists in computing the correlation of the theoretical errors of M i (E 1 ) and M i (E 2 ) using the method we have used to estimate the theory uncertainty, namely varying the values of the HQE parameters. This is in fact equivalent to assuming that the E cut -dependence of the unknown terms of the OPE follows closely the E cut -dependence of the known terms. It turns out that in this way the correlation is almost always very high.
Another possibility is to fix the correlation ξ between a moment M i computed at E cut and at E cut + 0.1 GeV, possibly with ξ higher for higher E cut . Following the reasoning above, ξ is naturally very close to 1 at low cuts, and drops considerably at high cuts.
In our fits, we will consider the following four options:
A 100% correlation between moments at different cuts;
B correlations computed from theory predictions, as discussed above;
C constant scale factor 0 < ξ < 1, with ξ = 0.97 for 100 MeV steps;
D a scale factor like in C that depends on the cut, ξ = ξ(E cut ), with
where E 0 ≈ 1.75 GeV is the partonic endpoint and ∆ is an adjustable parameter which we set at about 0.25 GeV.
As an illustration, the correlation between the theoretical errors of a generic moment with cuts at 0.6 and 1.2 GeV is 1 in scenario A; it depends on the specific moment and it is generally quite close to 1 in scenario B; it is given by ξ 6 = (0.97) 6 0.83 in scenario C; it is given by k=5 k=0 ξ(0.65 + 0.1k GeV) 0.88 in scenario D. Similarly, the correlation between a moment measured at 1.3 and 1.5 GeV is approximately 0.94 in C and 0.76 in D.
In Fig. 1 we show the results of semileptonic fits performed with the four options for the theoretical correlations. The fits include all the data listed in Table 1 and the two constraints of Eq. (6). We add the experimental and theoretical covariance matrices, which is equivalent to adding the respective errors in quadrature. In general, the results depend sensitively on the option adopted. In the case of the heavy quark masses, which are strongly correlated, we observe large errors that tend to increase in going from A to D, although the central values are quite consistent. The results of the fits for the non-perturbative parameters depend even stronger on the option, in particular this is the case for µ 2 G , which has a very low value -incompatible with (6) -in scenario A, and increases as correlations are relaxed. Fig. 1 also shows that the final uncertainty on some of the parameters can be much smaller than the "safety" range we have used in the evaluation of the theory errors. of m c (μ), with 2 < ∼μ < ∼ 3 GeV, instead of using the charm mass in the kinetic scheme. The range ofμ is chosen to avoid large logarithms in our O(α 2 s ) calculation and to minimize higher orders related to the definition of m c , which necessarily involve α s (μ). This MS option for m c is available in the code of [20] and avoids additional theoretical uncertainty due to the mass scheme conversion. In the case of the bottom mass, on the contrary, the common choice m b (m b ) is not well-suited to the description of semileptonic B decays. In other words, the calculation of the moments in terms of m b (m b ) would lead to large higher order corrections. While our predictions are always expressed in terms of the kinetic mass m kin b (1 GeV), the above m b constraints can be included after converting them to the kinetic scheme. Since the relation between the kinetic and the MS masses is known only to O(α 2 s ), the ensuing uncertainty is not negligible. In Ref. [20] it has been estimated to be about 30 MeV:
The effect of the inclusion of charm mass constraints in the semileptonic fit is illustrated in Fig. 1 , where the determination of Ref. [13] is employed. As expected, the uncertainty in the b mass becomes smaller than 30MeV in all scenarios, a marked improvement, also with respect to the precision resulting from the use of radiative moments [4] . On the other hand, there is hardly any improvement in the final precision of the non-perturbative parameters (see for instance the last plot, in the µ 
The results of a few fits are reported in Table 3 . We choose the first one as our default fit. All the fits include a constraint on m c , from either Ref. [11] or [13] , and two fits both mass constraints from Ref. [11] . In the latter case we have used (8) 
with τ B = 1.582(7) ps. Its theoretical error is computed combining in quadrature the parametric uncertainty that results from the fit, and an additional 1.4% theoretical error to take into account missing higher order corrections in the expression for the semileptonic width [20, 37] . An approximate formula for |V cb | using the above τ B value and m c (3 GeV) is (12) where all dimensionful quantities are expressed in GeV. A few comments are now in order:
i) The inclusion of the m c constraint has stabilized the fits with respect to the ansatz for the theory correlations. The only exception is represented by scenario A, which mostly deviates in the values of µ 2 π and µ 2 G and in the magnitude of the uncertainties. In any case, because of the above discussion, this scenario should be abandoned.
ii) The low χ 2 of the default fit is due to the large theoretical uncertainties we have assumed. It may be tempting to interpret it as evidence that the theoretical errors have been overestimated. However, higher order corrections may effectively shift the parameters of the O(1/m formal definition of these parameters, and to be able to use them elsewhere, we therefore have to take into account the potential shift they may experience because of higher order effects.
iii) The third hadronic moment by Delphi was neglected in previous analyses in the kinetic scheme. Its main effect on our default fit is to decrease ρ iv) The fits with a constraint on m c are quite stable with respect to a change of inputs.
In particular, we have found small differences when experimental data at high E cut are excluded, and when only hadronic or leptonic moments are considered. While the results for the heavy quark masses do not change appreciably, the results for the OPE parameters change within errors. We show in Fig. 2 π ) than when we use the full set of data. The benefit is therefore minor but non-negligible. Of course, the inclusion of moments at different cuts plays a much more important role in scenarios A and B.
vi) In the kinetic scheme the inequalities µ vii) The value of |V cb | is generally larger than in previous analyses. This is mostly due to the higher BR c ν , as can be seen in Table 3 . Indeed, the low value of BR c ν is the most distinctive feature of scenario A and B, and the most relevant for the |V cb | determination. It is worth noting that the latest CKM global fit [1] gives |V cb | = 0.04273(77), with a marked preference for a high value of |V cb |.
viii [20] . We have briefly studied what happens with m c (2 GeV): the answer depends little on the way one computes it from m c (3 GeV) = 0.986(13) GeV. Using three loop renormalization group evolution leads to m c (2 GeV) = 1.091(14) GeV, and in scenario D one gets the results in the last row of Table 3 , with |V cb | very close to the other fits. Table 3 also reports results for a fit to the charm mass expressed in the kinetic scheme. In this case we employ scenario D as in the default fit, and use a constraint on m kin c (1 GeV) derived from the m c (3 GeV) determination of [11] . Using the translation formula given in [20] we obtain m kin c (1 GeV) = 1.091±0.020 GeV. The value of the BR and of |V cb | are consistent with the results of the MS scheme fits.
Because of strong correlations, the measurements listed in Table 1 are only a subset of all the measured moments. In order to gain a visual appreciation of the quality of the default fit and to see how well it agrees also with the measurements that are not included, we show in Figs. 3 and 4 the leptonic and hadronic moments measurements compared with their theoretical prediction with theory uncertainty.
5 Implications of the default fit
Semileptonic phase space ratio
It is particularly convenient to normalize the branching fraction of the rare decays B → X s γ and B → X s + − to the semileptonic one, BR c ν . In this context the semileptonic phase space ratio
is usually factorized [38] [39] [40] [41] . C can be calculated using the OPE and the results of the fit to the semileptonic moments. In principle, the B → X u ν width is also sensitive to Weak Annihilation (WA) contributions, see e.g. [41] , which are poorly known but cancel out in the rare decay width. As far as the normalization of rare decays is concerned, WA effects can therefore be ignored. Even neglecting WA, however, the value of C does depend on the scale at which the WA matrix element is assumed to vanish. In the following we follow [41] and use µ W A = m b /2. In Ref.
[41] C was computed in the kinetic scheme, based on the fits performed by HFAG at that time. The result was C = 0.546 ± 0.016(pert) ± 0.017(HQE), where the first uncertainty refers to higher order perturbative contributions, and the second is associated with the semileptonic fit. A different result, C = 0.582 ± 0.016, was reported in [8] in the 1S scheme, see also the first paper of [40] for additional details. The central value has already been converted to our convention with µ W A = m b /2. The discrepancy between these two values has now considerably reduced, as we will see in a moment. In order to compute C with our default fit we need to adapt the calculation of [41] to the use of a charm mass in the MS scheme at µ = 2 or 3 GeV. Here we give the two corresponding approximate formulas, 
where 
with an additional ∼ 3% theoretical error. The result is identical if we include m b from [11] in the fit. In scenario B with both m c,b from [11] we get C = 0.572 (8) . In comparison with [41] , the parametric uncertainty has reduced by a factor 2, mostly thanks to the new charm mass constraint, and the central value has increased by about 1σ. Our result is in good agreement with that of [8] .
One may worry that the perturbative series of C in terms of m c (3 GeV) has relatively large coefficients, as witnessed by the strong α s dependence in (15) , and that it likely involves large O(α 3 s ) terms. In this respect, the situation is somewhat better if one employs the kinetic charm mass or m c (2 GeV), see (14) . Evolving m c (3 GeV) = 0.986(13) GeV [11] down to 2 GeV, and using m c (2 GeV) = 1.091 (14) GeV and m kin b = 4.533(32) GeV as constraints in a fit to m c (2 GeV) we get C = 0.566 ± 0.008,
again with additional 3% theoretical uncertainty. This is compatible with the result in Eq. (16), and might be preferred as a reference value. Let us now address the reasons behind the shift of C with respect to Ref. [41] , due only to the different set of inputs. The fits we present in this paper, mostly because of the m c constraint, have significantly lower m b and m c than those used in [41] . Fig. 1 of Ref. [41] shows that lowering the heavy quark masses one increases C and that their new central values lead to C ≈ 0.57. It should also be stressed that in the absence of the m c constraint, option A for the theoretical correlations leads to higher m b and m c and to artificially smaller errors than B,C,D [10] . Therefore previous fits in the kinetic scheme preferred a lower C and underestimated its uncertainty. The analogous effect on |V cb | was negligible. This is also the main reason for the discrepancy between the values of C in [41] and [8] . There are other differences between these two analyses (experimental inputs, scheme, etc.), but this is the most important component.
Of course, the factor C is just one component of the calculation of rare B decays. What actually enters inclusive B decays is BR c ν /C, and there are additional power-suppressed corrections that affect the width and depend on the same parameters that determine C, as well as charm loops in the perturbative corrections. As precision increases, it is no longer obvious that the factorization of C is still advantageous, except as a bookkeeping device. Nevertheless, the results of our fit, with the complete correlation matrix, are all one needs for a careful analysis of the parametric uncertainty in those cases.
Finally, it is worth reminding that, in the case of B → X s γ, it is often necessary to extrapolate measurements performed with a cut on the photon energy higher than about 1.6 GeV to lower photon energies, where the local OPE is expected to work better. This extrapolation can be performed using different techniques [42] , but it crucially depends on precise HQE parameters, namely on the results of semileptonic fits.
Local contributions to the zero-recoil sum rule
The B → D * ν form factor at zero recoil can be estimated using heavy quark sum rules [6, 43] . The form-factor F(1) is obtained by separating the elastic B → D * transition contribution from the total inelastic transition at zero-recoil:
where I inel (ε M ) is related to the sum of the differential decay probabilities into the excited states with mass up to M D * +ε M in the zero recoil kinematics. The OPE allows us to calculate the amplitude I 0 (ε M ) in the short-distance expansion provided |ε| is sufficiently large compared to the ordinary hadronic mass scale. Setting
where the ellipses stand for higher order contributions and ξ pert A represents a perturbative contribution. The latter was computed in Ref. [6] to O(α 
In the kinetic scheme the nonperturbative parameters µ 2m c and it is better to have it lower than 1 GeV. We therefore take the values of the OPE parameters extracted from our default fit with m c in the kinetic scheme, evolve them down to µ kin = 0.75 GeV and find
and for the sum ∆ 1/m 2 + ∆ 1/m 3 = 0.104 ± 0.023 .
If we use scenario B we get a slightly larger value 0.111 ± 0.016, closer to the preliminary result 0.118 ± 0.015 given in [6] and obtained using that scenario. The quantity in (21) is an important ingredient of the heavy quark sum rule estimate of F (1): the present update does not affect significantly the results of [6] .
Impact on inclusive |V ub | determination
In order to get a rough estimate of the precision that can be reached applying the results of our default fit to the semileptonic B → X u ν analyses, we use the information given in the kinetic scheme analysis of Ref. [45] . Recent experimental studies have considered lower cutoffs on the lepton momentum as low as 1 GeV, which is very close to the total decay width and for which a local OPE description is perfectly adequate. Therefore, we take Eq. (45) of Ref. [45] and compute the parametric uncertainty on the total B → X u ν width using the results of the default fit. We obtain a 2.2% error that translates into a 1.1% parametric uncertainty on |V ub |. A slightly smaller uncertainty, 1.8%, is obtained if one employs a fit that also includes the constraint on m b from [11] . Since the uncertainty is dominated by that of m b , better determinations of this mass will result in further reduction of the parametric error. In summary, the parametric uncertainty on the total B → X u ν width is about 2% and can be reduced in the future; it will have to be considered together with a > ∼ 1% theoretical uncertainty. As mentioned above this should essentially hold even for a lower cut on the lepton momentum around 1 GeV is applied. On the other hand, for higher cuts the local OPE is no longer sufficient and the sensitivity to m b gets stronger: these analyses will benefit of a better determination of m b even more.
Summary
In this paper we have reassessed the whole strategy of global fits to the semileptonic moments. We have shown that the results depend sensitively not only on the estimate of the theoretical uncertainties, but also on the assumptions about their correlation. We have studied the impact of precise determinations of the heavy quark masses from independent data on the global fits and shown that their use leads to more precise results, which depend less on the assumptions on the theoretical correlations. Using a determination of m c with 13MeV uncertainty we were able to determine m b within about 20 MeV, in good agreement and competitive with some of the most precise m b determinations. In the absence of external constraints on the heavy quark masses, the semileptonic moments determine their difference with a 20MeV uncertainty, see Eq. (9). This is a robust NNLO relation that we find stable against theoretical assumptions.
The value of |V cb | that we obtain is higher than in previous analyses, but compatible with the prediction of a global CKM fit in the Standard Model [1] ; it has a total 2% accuracy, which is dominated by theoretical errors. We have also studied the impact of the new fits on the calculation of the semileptonic phase space ratio C, on the power corrections to the zero-recoil sum rule, and on the extraction of |V ub |.
Theoretical uncertainties are the major obstacle to an accurate determination of |V cb | using inclusive semileptonic B decays. Our theoretical errors are essentially determined by a conservative estimate of the dominant sources of higher order corrections. There are therefore good prospects for improvement, related to the completion of the calculation of O(α s µ Q ) corrections. A more significant reduction of the error on |V cb | will also require a calculation of perturbative corrections to the coefficient of the Darwin operator. In contrast, the experimental situation is much better at the moment and will further improve at Belle-II.
